Introduction
Regular moderate alcohol consumption without heavy drinking has been shown to be a protective factor for cardiovascular disease including acute myocardial infarction (AMI) in particular [1, 2] . Other protective factors include regular physical activity and daily consumption of fruits and vegetables, whereas hyperlipidemia, smoking, hypertension, diabetes mellitus and obesity have been identified as major modifiable risk factors for AMI [3, 4] . Furthermore, psychosocial stress has been linked to an increased risk for AMI [5, 6] , and mental illness, such as depression, has been shown to be an independent predictor of coronary heart disease (CHD) events [7, 8] .
Studies have also explored the influence of certain exposures shortly before the event, and factors such as heavy physical exertion [9] [10] [11] , anger [12, 13] and consumption of cocaine [14] or marijuana [15] have been observed to be potential triggers of AMI onset. While extensive research has examined the influence of usual or regular alcohol use on CHD outcomes, the influence of alcohol consumption prior to the event has received little attention. Some case reports of men under the age of 40 have discussed heavy acute alcohol intake as a potential trigger for AMI [16] [17] [18] [19] , but only a few studies in the literature have systematically investigated the effect of alcohol exposure shortly before CHD events using a case-crossover or case-control design [20] [21] [22] . Moreover, the results of these controlled studies have been mixed.
The influence of binge drinking is of particular interest in this analysis. In a recent study of alcohol drinking patterns and myocardial infarction (MI) in women, those who drank at least once a month in a way that 'their speech was slurred or they became unsteady on their feet', a behavior classified as 'intoxication', had nearly a threefold risk of MI when compared to lifetime abstainers. Among current drinkers, women who drank to intoxication once or more per month had a sixfold increased likelihood of MI [23] .
As reviewed by McKee and Britton [24] and further sources [1, 2] , a number of possible mechanisms have been discussed in the literature explaining the acute effects of binge drinking on CHD events. These include increased blood clotting and reduced threshold for ventricular fibrillation: (i) Binge drinking has been shown to increase low-density lipoproteins, which in turn are linked to cardiovascular morbidity and mortality. Contrary to low or moderate steady drinking, heavy irregular drinking has not been associated with increased levels of high-density lipoproteins, which are linked to favorable cardiovascular outcomes. (ii) Binge drinking has been associated with an increased risk of thrombosis, occurring after cessation of a heavy drinking episode. (iii) Binge drinking appears to predispose drinkers to histological changes in the myocardium and conducting system, as well as to a reduction in the threshold for ventricular fibrillation. Kauhanen et al. [25] suggested that 'heavy acute intake of beer may involve acute triggers of severe pathophysiological events in the myocardium or the coronary arteries, or both. These events might include arrhythmia, ischaemia, and possibly thrombotic processes'. Binge drinking has been shown to increase the risk of calcification of blood vessels [26] as well as that of major coronary events, independent of previous history of CHD [25, [27] [28] [29] .
A cardioprotective effect of light to moderate drinking has been shown when compared with lifetime abstainers as a control group in regular alcohol use [23, 28, [30] [31] [32] , as well as shortly before CHD events [20, 21] . Based on these epidemiological findings, this study tested the hypothesis that heavy drinking occasions (binge drinking) increase the risk of subsequent AMI, whereas light to moderate drinking occasions decrease the risk.
Methods

Study Population and Data Collection
Patients were recruited in three major hospitals in the German-speaking part of Switzerland -a university hospital, a county hospital and a city hospital. Interviews based on a standardized questionnaire were conducted in the hospitals by trained staff of the Research Institute or by trained hospital staff. Interview training included test interviews with staff of the research institute as well as supervised interviews in the hospitals. Through collaboration with the staff it was also possible to track all 673 patients who were hospitalized for first time AMI (ICD I21; for detailed definition see below) in the study hospitals between July 26, 2005 and November 15, 2006. We used the following definition of AMI which is compatible with the national register for Acute Myocardial Infarction in Switzerland (AMIS-plus database): symptoms and/or ECG changes compatible with acute coronary syndrome and with the enzymes creatine kinase or creatine kinase-muscle brain at least twice the upper limits of normal.
256 interviews were conducted, 6 of which could not be included in the analysis as essential data for testing the main hypotheses (date and time of AMI) were missing. As a result, the study group consisted of 250 patients. The major reason why not all 673 patients were eligible for interviews was the early relocation of 239 patients (35.5%) within 24 h to another hospital, mainly because of regional responsibility and bed availability. These patients were, by definition, not eligible for our study. We arranged with the hospitals that patients were not to be interviewed on their first day in hospital, in order to not disturb medical examinations, and in consideration of the patients with recent major complications. In some cases the health status of the patient allowed an earlier timing of the interview; the situation was discussed with the medical staff, referring to each case individually. The other exclusion criteria were: no domicile in Switzerland (tourists) (5 persons, 0.7%); insufficient skills in German language (29, 4.3%); mental or physical inability to participate in an interview (e.g. cerebral damages, dementia, aphasia, hypoxia, patient too confused) (55 persons, 8.2%) or death after admission (12, 1.8%), involvement in another interview study (17 persons, 2.5%) or other (e.g. the patient left the hospital without official discharge) (4 persons, 0.6%). The eligible sample consisted therefore of 312 patients. Of those, 56 patients (18%) refused to participate in the interview study. As such, the overall response rate among eligible patients was 82%.
Since we collected the time of the event as well as the time of the interview, the corresponding time span between AMI and interview could be gathered for each interview. The interviews were conducted in half of the study population within 38 h after the AMI. 55% of the patients were referred directly to the study hospital and 45% were transferred from another hospital to the study hospital. The patients who refused to participate in the interview did not differ in gender distribution with the patients who participated in the interviews, but they were on average 8 years older.
Study Design
The case-crossover methodology used in the present study was introduced by Maclure [33] in the early 1990s to study transient effects on the risk of rare acute events. The case-crossover design basically tries to answer the question: Was this event trig-gered by something unusual that happened just before the incident [34] ?
We used this design to assess the change in risk of AMI during a 'hazard period' after exposure to alcohol and other potential triggers of AMI onset. An important feature of the case-crossover design is that the control information for each patient is based on his or her own past exposure experience. Thus, there is no external control group as in the case-control design, but each case serves as its own control. It is possible to define one or more control points or time periods, respectively. This design was invented to circumvent potential control bias by using controls from the general population or by using other patients as controls [34] .
The 12 h immediately preceding the AMI were considered a hazard period. The patient was first asked to report time of infarction. Alcohol consumption in this hazard period was compared with the corresponding time period 1 week prior. Patients were then asked to report what they were doing during the control period, if there were unusual events and if they were drinking alcohol, what type, the amount and the time of consumption, as exact as possible.
In addition, we compared the drinking patterns of our patients with the drinking patterns of the Swiss general population of similar sex and age in order to explore whether our sample differed with regard to alcohol consumption.
Alcohol Consumption
Participants were asked in detail about their drinking behavior: frequency, including binge drinking, type (e.g. wine, beer, spirits), and amount on a usual drinking occasion in deciliters (dl).
Drinking Status. Patients who drank at least once a month during the 3 months prior to the interview were defined as current drinkers. Patients who did not drink at least once a month during the 3 months prior, but drank once a month during some period of their life, were defined as former drinkers. Patients who drank alcohol during some period of their life, but always less than once a month, were classified as occasional drinkers. Patients who never drank alcohol in their life (apart from sips) were defined as lifetime abstainers. These categories were used in a landmark study by Jackson et al. [21, 35] , who first examined the short-term influence of alcohol intake on the risk of CHD events via the casecrossover design.
Volume of Ethanol. Using the amount of alcoholic beverages in deciliters as well as the type of beverage, standard glasses with 12 g ethanol were calculated corresponding to 1.2 dl wine, 3 dl beer, 0.38 dl spirits or 0.8 dl fortified wine (e.g. port), respectively.
Heavy Drinking Occasions (Binge Drinking). Definitions of the term binge drinking vary. The common international definition of Wechsler and colleagues [36] characterizes binge drinking as an episodic, heavy drinking occasion, with 4 or more drinks of alcohol for women (minimum of 48 g ethanol) and 5 or more drinks for men (minimum of 60 g ethanol) [37] . Since the largest scale survey in Switzerland, The Swiss Health Survey [38] , defined heavy drinking occasions as 6 or more drinks for women and 8 or more drinks for men, we additionally asked the patients about this standard in order to compare the heavy drinking patterns of our sample with those of the general population of Switzerland. The categories regarding the frequency of binge drinking in the prior year were as follows: never, less than once a month, every month, every week, (almost) every day [38] .
Basic Medical Data
Basic medical data were obtained from the medical records of the patients with informed consent. Information was obtained on the presence of arterial hypertension (documented pressure 1 140/90), hyperlipidemia, diabetes mellitus and prior angina pectoris as well as regular medication before the event. Further data such as smoking history, weight, height, family history of MI, etc. was asked about in our questionnaire. Our study was approved by the responsible cantonal research ethics boards of the participating hospitals.
Statistical Analysis
Conditional logistic regression was used to estimate the odds ratios for alcohol consumption in general and binge drinking, within the time before the AMI compared to the same time span 1 week prior [39] . Conditional regression tries to answer the question of a causal impact of drinking before the event. The sample size was determined a priori, in order to detect a difference in proportions of 10% when the proportion of discordant pairs was expected to be 30% and the method analysis was a McNemar's test of equality of paired proportions with a 0.05 two-sided significance level. Our sample size of 250 patients corresponded to a power of 83%.
Logistic regression was carried out to additionally compare the impact of different social and other characteristics on drinking before the AMI.
Furthermore, we compared the usual drinking patterns of our sample with the Swiss Health Survey conducted in the year 2002 [38] . This sample comprised of 19,706 individuals older than 15 years and living in Switzerland (Swiss or foreign nationality), who were interviewed by phone and 16,141 of whom also completed a written questionnaire. Comparisons between the patterns of alcohol consumption between our sample and the general population were carried out by first computing comparable rates for different drinking categories, which were directly standardized to the sex and age distribution of the AMI patients [40] . The following age categories were used: 15-39, 40-49, 50-59, 60-69, 70+. These rates were then compared using table analysis, resulting in a likelihood ratio 2 to test for overall differences between samples and standardized residuals to test for deviation of a cell from expected value. For the latter, an absolute value of 1 2, corresponding to a 5% significance level, was fixed as criterion for significance [41] .
Results
Description of the Sample
In table 1 , sociodemographic characteristics of the study population are shown. The study group consisted mainly of men (79.2%) with an average age of 59.7 years (range 29-88).
In table 2 , the risk profile at admission is presented. Most AMI occurred in the morning hours, 33.2% (83) were between 06: 00 and 11: 59 h. The beginning of the week was overrepresented as time of occurrence of the event. None of the patients had a cardiac rupture, 52% of the patients were hypertensive and 35.6% had the diagnosis of hyperlipidemia.
Of the study population, 74.8% (187) were current drinkers. 16 .4% of the sample reported daily drinking, with 3 patients (1.2% of the study group) drinking more than once a day. Among the weekly non-daily drinkers, most people drank 1-4 times a week. Only 5 patients (2% of the whole study group) drank 5-6 times a week. Table 3 also provides information about the beverage choice in men and women, mainly wine and beer for men, and wine for women. 15 out of the 159 current male drinkers (9.4%) drank 5 or more glasses on a usual drinking occasion. In current female drinkers, 2 out of 28 (7.2%) drank 4 or more glasses normally. About three quarters of the current drinkers did not change the quantity of drinking in the last 12 months.
Drinking Patterns in the Hazard and Control Period
Drinking any alcohol in the 12-hour hazard period increased the risk for the event threefold (OR 3.1; 95% CI 1.4-6.9). 25 individuals were exposed in the hazard period and 8 individuals in the control period.
Moderate drinking was defined as drinking up to 24 g of pure alcohol for women and up to 36 g for men.
Drinking moderately in the 12-hour hazard period increased the risk of AMI marginally significant compared with no alcohol consumption (OR 2.3; 95% CI 0.97-5.2). 18 persons were exposed in terms of moderate drinking in the hazard period and 8 persons were exposed in the control period. We did not find any significant differences regarding binge drinking before AMI, using the international definition of 4 or more for women and 5 or more glasses of alcohol for men (see Method section). In the 12-hour period before the AMI, 3 individuals were exposed in terms of binge drinking and 1 person was exposed in the control period (OR 3.0; 95% CI 0.3-28.8).
In a logistic regression analysis, our results were not influenced significantly by the following parameters: age, gender, smoking status, family history of AMI, hypertension, hyperlipidemia, diabetes mellitus, prior unstable angina pectoris, physical exertion shortly before the event, e.g. jogging or carrying heavy things, heavy psychological exposure in the 12 h before AMI, e.g. death of a family member or a conflict assessed as heavy emotional strain by the patient, or cocaine use in the 12 h prior to the AMI.
Comparison of Drinking Patterns with the General Population
Patterns of alcohol consumption varied significantly between AMI patients and the general population (likelihood ratio 2 : 40.0; d.f. = 3; p ! 0.001). Compared to the general population, AMI patients had less lifetime abstention (standardized rates: 5.2 vs. 11.8%), were more often former drinkers (7.6 vs. 4.8%), more often irregular, i.e. less than weekly, drinkers (29.6 vs. 16.2%) and less often weekly drinkers (57.6 vs. 67.0%). The standardized residuals were significant for the categories of abstention and irregular drinking. In addition, binge drinking occasions were significantly more frequent among AMI patients: both 'less than monthly' (20.7 vs. 10.9%) and 'monthly or more frequent' binge drinking occasions were about twice as prevalent in our study population (6.8 vs. 3.4%). Both rates had significant standardized residuals of 4.4 and 2.7, respectively. 
Discussion
In this case-crossover study on first non-fatal AMI in men and women, we found that drinking alcohol 12 h before the AMI increased the risk for such an event. However, we had no indication that binge drinking was of particular importance in triggering AMI. The odds ratios for binge drinking in the 12-hour period before the event were of the same magnitude as for alcohol in general, but did not reach significance due to the small sample size. Our hypothesis that drinking moderately shortly before the event decreases the risk of AMI, while binge drinking results in an increase, could not be confirmed. However, a comparison of alcohol drinking patterns in AMI patients to the general population revealed that binge drinking was more prevalent in our sample. Thus, the results of our study give further support to the hypothesis that irregular alcohol intake, with binge drinking episodes in particular, has detrimental effects on CHD morbidity and mortality [20, 25, 28, 42, 43] .
Obviously, our study is not without limitations. Patients knew that the interview would be about risk factors and MI, and that there would be questions on alcohol consumption in order to explore its relationship to MI. However, in order to minimize bias, patients and interviewers were blinded to the explicit study hypothesis.
The patients were recruited in three urban hospitals. However, as patients from suburban or rural hospitals are often referred to these hospitals for further examinations and therapy, almost half of our study population was based outside the city. Though a selection bias due to the location of our study hospitals or referral practice cannot be fully excluded, it does not seem to be likely to influence our results substantially.
The self-matching feature of the case-crossover design used in this study eliminates the problems of control selection, but recall bias cannot be excluded. In our study the control condition of the 12-hour hazard period before the event was the corresponding time period 1 week prior. This control condition was chosen to assure comparability within the day of the week, since drinking behavior varies between working days and weekends, e.g. some individuals only drink on weekends [44, 45] . While the chosen design controls for a potential effect of day of the week, the possibility that recall bias is larger for the events of 1 week prior compared to more recent time periods, cannot be excluded. This is especially the case for sporadic drinkers where recall bias may influence results [46] .
Studies on acute alcohol consumption and risk of acute CHD events have yielded conflicting results. For example, a case-crossover study from Slovenia examining the role of coffee and alcohol consumption as triggering factors of sudden cardiac death, found that alcohol consumption within 2 h before the event resulted in an increased risk for persons with other risk factors for CHD [22] . Two casecontrol studies conducted in New Zealand respectively Australia on the relationship between drinking patterns and AMI and coronary death showed a protective effect of acute alcohol consumption, which are therefore in contrast to our results. The first study examining the risk of nonfatal AMI and coronary death showed that for all drinking categories alcohol consumption before the event was protective (overall risk of AMI in the 24 h before the event: 0.75 in men and 0.61 in women). Since few participants in this study reported heavy drinking in the period examined, the authors stated that they were not able to comment on the risk of an acute coronary syndrome associated with binge drinking [21] . The second study showed an acute protective effect of alcohol consumption for regular female drinkers (drinking at least once a week) who consumed one or two drinks in the 24 h preceding the onset of symptoms, while a non-significant association was observed for men [20] .
Our results did not show a significant effect of binge drinking shortly before the event, but numbers of exposed cases were small. However, given the facts that drinking prior to the event resulted in an increased risk for AMI and that a comparison with the general population of a similar sex and age distribution showed higher rates of previous year heavy drinking occasions in our sample, the hypothesis that heavy drinking occasions lead to an increase in risk for AMI received some support. Nevertheless, more research is needed to further explore this hypothesis.
